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Changes were examined in the expression of Class I
and II major histocompatibility complex (MHC) anti-
gens by autochthonous cells of the terminal ileum af-
fected by Crohn’s disease. The study was based on the
analysis of transmural specimens from terminal ileum
segments obtained in the course of ileocolectomy for
colon cancer and Crohn’s disease. Serial sections were
immunostained using monoclonal antibodies directed
against monomorphic determinants of HLA-A,B,C,
DR, DP, DQ, and the invariant chain (Ii) associated
with Class II molecules. Compared with the normal
state, the only change in Class I antigen expression oc-
curring in Crohn’s disease was the induction of
HLA-A,B,C antigens in lymphatic endothelium.
Changes in Class Il antigen expression were more sub-
stantial. Enhancement of HLA-DR expression was
found in enterocytes; DR induction was observed in
glial cells of the visceral nervous plexus and in venular
and venous endothelium. HLA-DP and DQ antigens

were induced in enterocytes, glial cells, and capillary
and venular endothelium, although this induction was
restricted to areas of moderate or high inflammatory
activity. The tissue distribution of Ii closely resembled
that of HLA-DR, although this association was not
strict: on the one hand, arterial endothelium contained
low amounts of Ti in the absence of DR antigens; on the
other hand, glial cells expressed Class II molecules in
the absence of Ii. The extent of local enhancement/in-
duction of MHC antigens was positively correlated
with the local density of the cellular infiltrate. These
data suggest that altered MHC antigen expression by
autochthonous structures might be mediated by factors
released from the lymphohistiocytic infiltrate, which
isitself attracted by an unknown signal. In conjunction
with an unknown antigen, the enhanced expression of
Class II antigens might trigger an autoaggressive im-
mune response. (Am J Pathol 1987, 129:493-502)

THE MAIJOR histocompatibility complex (MHC) is
a gene sequence on the short arm of Chromosome 6.
It encodes several sets of immunoregulatory mole-
cules. Two classes of them are polymorphic and serve
as restriction elements in the cellular immune re-
sponse. MHC Class I molecules are highly polymor-
phic transmembranous glycoproteins, noncovalently
associated with f,-microglobulin. In humans they are
encoded by three subloci known as HLA-A, B, and
C.! The expression of these antigens varies greatly
among different cell types? and is influenced by en-
hancing stimuli such as interferons® and tumor
necrosis factor® or inhibitory stimuli such as cortico-
steroids.> MHC Class II molecules—likewise poly-
morphic transmembranous glycoproteins—are prod-
ucts of a gene sequence containing at least three
subloci presently designated HLA-DR, DP, and DQ
encoding different & and B chains.® During intracellu-

493

lar processing and transport these molecules are asso-
ciated with an invariant (y-)chain (Ii)’ that is not en-
coded by the MHC but by a gene located on
Chromosome 5.2 On many cell types, HLA-DR, DP,
and DQ are differentially expressed,>'® again regu-
lated by inductive/enhancing stimuli such as inter-
ferons and tumor necrosis factor!' and inhibitory
stimuli such as corticosteroids® and prostaglandin
E,.”? MHC Class I molecules in conjunction with pre-
sented antigen are the target structure for autologous
antigen-specific cytotoxic T cells, whereas presented
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antigen, together with Class II molecules, activate au-
tologous antigen-specific T-helper cells.'3!4

The etiology of Crohn’s disease (CD) is still ob-
scure. Although great efforts have been taken, they
have until now all failed to detect a causative infec-
tious agent. However, numerous studies on patho-
genesis (recently reviewed by Strober and James!s)
have given rise to the hypothesis of a fundamental
antigen-specific immunoregulatory abnormality un-
derlying CD. Following this concept, abnormalitiesin
the local expression of MHC antigens might be ex-
pected; and Selby et al'® have in fact observed an
induction of HLA-DR antigens in colonic mucosa of
patients with active CD.

This study aims at a detailed analysis of MHC anti-
gen expression in structural cells of the terminal
ileum, both in healthy tissue and tissue affected by
CD.

Materials and Methods
Patients

An unselected series of 15 patients was chosen for
the study. They all had clinically active CD located in
the ileum and were admitted to receive surgical treat-
ment. Nine of these patients were men, and 6 were
women. The mean age was 33.2 years (range, 18-49
years).

Tissue

Transmural specimens of about 1 sq cm X 0.3 cm
were taken from the 15 ileum segments involved by
CD immediately after surgical removal. They were
quick-frozen in liquid nitrogen and stored at —70 C.
In order to study intrapersonal differences in the
grade of inflammatory changes, more than one speci-
men was preserved on 10 occasions; the study is thus
based on 38 tissue samples affected by CD. Control
specimens of normal terminal ileum were obtained
from 5 patients who underwent dextrohemicolec-
tomy for colon cancer (3 men and 2 women with a
mean age of 65.2; range, 38-77). Nine serial frozen
sections (4-6 u) from each tissue block were air-dried
overnight, subsequently fixed in acetone for 10 min-
utes, and (immuno)stained immediately or stored at
—20 C for a maximum of 20 days.

Reagents

The monoclonal antibodies (MAbs) against MHC
antigens and Ii used in this study are listed in Table 1.
MAD binding was detected with a polyclonal biotiny-
lated sheep antibody to mouse immunoglobulins and
a streptavidin-biotinylated peroxidase complex
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Table 1—List of Detected Antigens and of Primary Antibodies
Used in This Study

Clone Specificity Reference

W6/32 HLA-A,B,C Barnstable et al'?
ISCR3 HLA-DR Watanabe et al'®
B7/21 HLA-DP Royston et al'®
TU22 HLA-DQ Ziegler et al?®
VIC-Y1 Invariant chain (i) Quaranta et al'

(Amersham, High Wycombe, UK). 3-Amino-9-eth-
ylcarbazole (AEC) and N’N-dimethylformamide
(DMF) were obtained from Sigma Chemical Co. (St.
Louis, Mo).

Immunostaining Procedure

MADbs were applied in appropriate dilutions to the
serial sections of each tissue block. The anti-mouse Ig
antibody was diluted 1:50 in phosphate-buffered sa-
line, and the streptavidin peroxidase complex 1 : 100.
Incubation times were 1 hour at room temperature
for the primary antibody and 30 minutes for the sec-
ond and third step reagents. Using AEC as the chro-
mogen (0.4 mg/ml in 0.1 M acetate buffer, pH 5.0,
with 5% DMF and 0.01% H,O0, for 10 minutes), the
peroxidase reaction caused an intense red precipitate.
The sections were rinsed in tapwater, counterstained
with Harris’ hematoxylin and mounted with glycerol
gelatin.

Controls

Intrinsic positive controls for immunoreactivity in
each section were stained interstitial dendritic cells
and follicular mantle lymphocytes of the gut-asso-
ciated lymphoid tissue that indicated the reliability of
the reaction and, at the same time, the maximal stain-
ing intensity of this individual reaction. Thus, minor
day-to-day variations in staining intensity did not af-
fect the evaluation. The staining series from each of
the 38 + 5 tissue blocks contained a negative control
without the primary reagent. The only staining ob-
served was in granulocytes whose endogenous peroxi-
dase was not blocked (eg, by H,O,/methanol). Evalu-
ation of both aspects, inflammatory activity and
MHC expression, was made independently by two
pathologists experienced in interpretation of immu-
nostaining; discrepancies in estimations were dis-
cussed at a double microscope.

Evaluation of Activity of Inflammation

One section from each serial staining was stained
with hematoxylin and eosin for characterization of



Vol. 129 ¢ No. 3

the lesion on histomorphologic grounds. Because of
the irregular distribution and clustering of inflamma-
tory cells, systematic cell countings have not been
carried out. Instead, a score was introduced. Inflam-
mation was graded according to the cellular density of
immigrated inflammatory cells. Two main categories
were defined for immunohistologic evaluation: in-
flammation of low versus inflammation of high cellu-
lar density. For each tissue sample, this assessment
was made on the mucosa, the submucosa, the tunica
muscularis, and the subserosa. Because granulomas
are formed by locally maturating monocytoid cells
and lymphocytes, they were regarded as part of the
inflammatory infiltrate. The serosa was excluded
from evaluation because changes in antigen expres-
sion on mesothelial cells may also have been caused
by adhesive peritonitis.

Evaluation of MHC Antigen Expression

Strongly stained dendritic interstitial cells and fol-
licular mantle zone lymphocytes served as internal
standards for the assessment of the intensity of reac-
tivity. Other cells were scored as positive ( + ) when
their staining was as intense as that of the reference
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Figure 1—Immunostained serial sections of mucosa of normal ileum. (AE
HLA-DR antigens on the apex of enterocytes of villi; cells in the lamina propria also strongly express HLA-DR.
in histiocytic cells of the mucosal stroma; enterocytes are DQ-negative throughout.

histiocytic cells; enterocytes are DP-negative throughout.
epithelium; some cells within the villus stroma are stained.

C/hematoxylin, original magnification, X444)
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cells. A marked decrease in intensity was noted as
weakly positive ( +° ). A cell was regarded as negative
( — ) only when reference cells were stained in the
same area. After evaluation of all cells of a given type
(eg, capillary endothelial cells) in a given anatomic
area (eg, submucosa) a semiquantitative notation was
made to characterize the pattern of antigen expression
(see Tables 2-4), with * indicating that stained and
unstained subpopulations existed in approximately
equal proportions; x>y indicating that pattern x was
predominant, and x>>vy indicating that pat-
tern y was detected only very infrequently.

Results
Normal Ileum

Enterocytes

Both villus and crypt epithelium expressed strongly
HLA-A,B,C antigens in the cytoplasm and on the
cytomembrane. There were no differences in antigen
density among the different enterocytes. HLA-DR
antigens could be demonstrated within the brush-
border of villus epithelia, whereas crypt epithelia al-
most always failed to express them (Figure 1a). HLA-

: IR .
., @—MAD ISCR3 demonstrates
b—MAb TU22 shows HLA-DQ antigens only
c—MAb B7/21 shows strong expression of HLA-DP antigens in

d—MADb VIC-Y1, recognizing a cytoplasmic epitope on li, shows i uniformly expressed in villus
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DQ (Figure 1b) and HLA-DP (Figure 1c) antigens
were undetectable. The invariant chain showed a dis-
tribution pattern very similar to that of HLA-DR an-
tigens. However, 1i was regularly located within the
cytoplasm (Figure 1d) which showed the highest anti-
genic density in the supranuclear region.

Endothelial Cells

HLA-A,B,C antigens were expressed on the entire
hemangioendothelium and were uniformly absent
from lymphangioendothelium. HLA-DR antigens
were inconstantly present on venular and capillary
endothelium. HLA-DQ, HLA-DP antigens and the
invariant chain were undetectable on/in endothelial
cells of normal ileum.

Smooth Muscle Cells

The myocytes of villi, muscularis mucosae, tunica
muscularis, and vessel walls were devoid of Class I and
Class II antigens and of L.

Visceral Nervous System

HLA-A,B,C antigens were strongly expressed on
glial cells and nerve fibers of both the submucosal and
myenteric plexus. The cytoplasm of ganglion cells, in
contrast, was devoid of detectable Class I molecules.
The only Class II determinants detectable were HLA-
DR antigens that were weakly expressed on nerve
fibers of the submucosal plexus. Ii was undetectable.

Crohn’s Disease

While we were compiling the data obtained from
each of the 38 tissue blocks, it became evident that
there were neither intra- nor interpersonal differences
in MHC antigen expression that could not be attrib-
uted to the degree of /ocal inflammatory activity of
CD, as evidenced by the density of the /ocal cellular
infiltrate. Definite deviations from the normal state of

Table 2—MHC Antigen Expression in the Intestinal Epithelium
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MHC antigen expression were noticed in areas with
low density of the cellular infiltrate, but these changes
were more pronounced in areas of high cellular den-
sity. The results of the semiquantitative evaluation of
antigen density in different cell types relative to the
local amount of inflammatory cells are given in
Tables 2-4.

Enterocytes in CD

Being maximal in the normal tissue specimens, the
HLA-A ,B,C antigen expression of enterocytes did not
change in CD. However, enhancement and/or induc-
tion of Class II antigen expression could be observed
in diseased areas. HLA-DR antigens became detect-
able in the supranuclear region of villus epithelia in
some areas of low cellular density. They were detected
within the entire cytoplasm of villus epithelial cells in
all areas of high cellular density, and the villus brush
border constantly had high amounts of HLA-DR an-
tigens. In the crypt epithelium, HLA-DR antigens
were present in the cytoplasm of cells with the maxi-
mum density of antigens at the borders of ulcers, fis-
sures, or areas of ulcerative cryptitis (Figure 2a). In-
duction of HLA-DP antigens was rare in regions of
low density of the cellular infiltrate and appeared as
apical membrane staining of the enterocytes. In areas
of mucosal damage, on the other hand, there was a
strong expression of HLA-DQ (Figure 2b) and HLA-
DP (Figure 2¢) antigens. In the periphery of these foci,
enterocytes showed these antigens in lower density
where they were restricted to the apical pole of the cell.
The cellular distribution of Ii closely resembled that of
with HLA-DR antigen expression (Figure 2d).

Endothelial Cells in CD

In CD, weak and inconstant neoexpression of
HLA-A,B,C antigens occurred in dilated lymphatic
vessels (Figure 3a). Induction or enhancement of
Class II antigen expression was considerable. HLA-

Crohn's disease, Crohn'’s disease,
areas of areas of
inflammation inflammation
with low with high
Normal ileum cellular density cellular density

Antigen Villus Crypt Villus Crypt Villus Crypt
HLA-ABC + + + + +
HLA-DR +° —>+ +/+° + + +
HLA-DP — — —>+° —>>4° +>— +>—
HLA-DQ - - —>>4° —>>+° +>— +>—
li + + +>>+ + +

+, intensive staining; +°, weak staining; —, no staining; +° /=, population consists of (weakly) stained and unstained cells in approximately equal proportions;
x>y, pattern x more frequently found among the cases than patter y; x>>y, pattemn x considerably more frequent than pattern y.
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Figure 2—Immunostained serial section of enteral mucosa bordering a fissure in active CD. (AEC/hematoxylin, original magnification, X888)  a—HLA-DR
antigen density is markedly increased at the luminal border of enterocytes, reflecting enhanced HLA-DR expression andinduction of HLA-DR molecules in crypt

epithelium.

b—HLA-DQ antigens are detectable at the luminal border of enterocytes, including crypt epithelium.

c—HLA-DP antigens are also induced

throughout the epithelium. Note that DP-positive cells within the lamina propria are scarce when compared with the number of DR and DQ positives. d—
Compared with normal gut (Figure 1d), enterocytes show enhanced expression of Ii.

DR antigen density correlated in capillaries and ven-
ules with the density of the cellular infiltrate. HLA-
DR antigens were induced in endothelia of larger
veins, while arterial and lymphatic endothelium had
none (Figure 3b). Induction of HLA-DP antigens was
observed occasionally in capillaries and venular en-
dothelium; the antigen density paralleled the density
of the cellular infiltrate. Induction of HLA-DQ anti-
gens was found to be restricted to parts of the endothe-
lium of capillaries and venules in densely infiltrated
areas, but this was an inconstant phenomenon.
An unexpected finding was the induction of Ii
without Class II antigens in endothelial cells of ar-
teries (Figure 3c), even of those located in areas poor
in inflammatory cells. On the other hand, HLA-DR
antigens were clearly detectable in capillary, venular,
and venous endothelium in the absence of detect-
able Ii.

Smooth Muscle Cells in CD

No changes were observed in expression of either
Class I or for Class II molecules by smooth muscle
cells in diseased gut.

Visceral Nervous System in CD

in the ileum segments affected by CD, the visceral
nervous system was altered structurally. Nerves ap-
peared to be more numerous, and some were consid-
erably enlarged in diameter. Nevertheless, there were
no changes in either density or distribution of
HLA-A,B,C antigens, but enhancement/induction of
Class II molecules could be noted in nerves and glial
cells. Even in areas with sparse cellular infiltration,
the nerves of the submucosal plexus showed en-
hanced HLA-DR antigen density and fairly strong
induction of HLA-DP molecules. However, this was
not observed in all nerves of such an area. In parallel, a
subpopulation of glial cells around the ganglion cells
expresssd HLA-DR and HLA-DP antigens but in
considerably lower amounts. Only a faint expression
of HLA-DQ antigens could be observed in a very
small number of submucosal nerves. All Class II de-
terminants were expressed by nerve structures in the
clear absence of Ii. In areas of high density of cellular
infiltration, the expression of all three Class II sub-
locus products was considerably enhanced in the cells
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Figure 3—Immunostained serial sections through a densely infiltrated area
of the submucosa in active CD comprising an artery (A), a larger vein (V),
venules (arrowheads), and some ectatic lymph vessels (/arge arrow). (AEC/
hematoxylin, original magnification, X444)  a—MAb W6/32 illustrates
the HLA-A,B,C expression. Virtually all cells, even the lymphatic endothelial
cells, are stained. b—HLA-DR antigens are expressed in venous and
venular endothelium while endothelium of lymphatics and arteries is devoid
of detectable DR molecules. c—li is weakly expressed in arterial endo-
thelium (small arrows) in the absence of detectable Class Il antigens (b).
Venous endothelium contains li, while lymphangial endothelium does not.

of the submucosal plexus (eg, HLA-DR, Figure 4a),
although Ii could either not be detected within these
cells (Figure 4b) or was present in very low amounts.
Expression of Class II antigens by the glial cells and
nerves of the myenteric plexus was similar, but the
extent of Class II antigen induction/enhancement
was less pronounced than in the submucosal plexus.
Even in densely infiltrated areas, the perikarya of gan-
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glion cells were devoid of any of the antigens exam-
ined.

In sum, except for smooth muscle cells, lymphatic
vessels, and glial cells of the visceral nervous system,
HLA-A,B,C antigens were constitutively and strongly
expressed in all cell types of the normal ileum,
whereas basal DR antigen expression was restricted to
a subset of enterocytes and capillary/venular endo-
thelium. In CD, however, and strictly correlated with
the density of the lymphohistiocytic infiltrate, HLA-
DR antigen expression was found to be enhanced in
these structures. In addition, a sequential induction of
HLA-DP and DQ antigens occurred in glial cells,
nerves, and venous and venular endothelium. This
induction was restricted to areas of high density of the
inflammatory infiltrate. Concerning the inducibility
of the different cell types, the following sequence
could be established: villus epithelium — crypt epi-
thelium — lemnocytes — endothelial cells. The dis-
tribution pattern of Ii closely resembled that of HLA-
DR, but not of DP and DQ antigens. While low
amounts of i were detectable in arterial endothelium
in the absence of HLA-DR, there were large amounts
of DR molecules in nerves and glial cells in the ab-
sence of Ii.

Discussion

Our immunohistochemical study on ileum affected
by CD revealed marked qualitative and quantitative
changes in the pattern of MHC antigen expression
occurring in autochthonous cells, with the excep-
tion of smooth muscle and visceral neurons. A se-
quential induction/enhancement of Class II antigens
was detectable which was clearly correlated with the
density of the inflammatory infiltrate.

Because MAbs to nonpolymorphic framework de-
terminants of Class II molecules with sublocus speci-
ficity have only recently been characterized, informa-
tion on differential expression of HLA-DR, DQ, and
DP on normal cells and tissue is still scarce. During
embryogenesis, sequential expression was found in
vascular elements and macrophages in the placenta??
and in fetal B lymphocytes,?? in the suggested ordered
sequence HLA-DP — DR — DQ. On myeloid pro-
genitor cells, the following sequence was found*:
HLA-DR — DP — DQ. From those data it was con-
cluded that the three subloci are regulated differen-
tially. Our data strongly support this concept. We
found differences in basal (constitutive) Class II anti-
gen expression and induction/enhancement of sub-
locus products in the sequence HLA-DR —
DP — DQ for the authochthonous cells of the ileum
affected by CD. This sequence was also observed by
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Figure 4—Immunostained serial sections showing the submucosal nerve plexus in an area of high density of inflammatory infiltrate caused by CD. In the
depicted area, the density of the inflammatory infiltrate appears low because of some interspersed unreactive adipocytes. (AEC/hematoxylin, original

magnification, X750)

a—HLA-DR antigens strongly expressed on nerve fibers and glial cells of a submucosal ganglion (/arge arrow). The gangliocytes, in

contrast, are devoid of HLA-DR molecules (small arrows). A, artery. b—No li is detectable in any of the depicted nervous structures. Nerve fibers
(arrowheads) and the ganglion (/arge arrow) are unstained. The reliability of the staining result is demonstrated by the strongly labeled interspersed dendritic,

histiocytic, and lymphocytic cells.

Ghosh et al, > who investigated colon mucosa adja-
cent to colon carcinoma. Presently, these findings
cannot be further interpreted, because no clear-cut
data on functional differences of the Class II sublocus
products are yet available.

Ii, initially found uniquely in Class II antigen im-
munoprecipitates, was observed to form oligomeric
complexes with HLA-DRa and B chains shortly after
their synthesis in the endoplasmic reticulum.” These
complexes were found to be transported to the cyto-
membrane, where Ii is thought to be either integrated
independently from the af-dimer?® or linked to the
dimer via the extracytoplasmic region bearing the
carboxyl-terminal of Ii.?’ Ii was thus suggested to be a
prerogative for posttranslational processing and ex-
port of Class II molecules.?® However, Miller and
Germain?® and Sekaly et al*® proved that allogeneic
cells devoid of endogenous Ii are able to express
human Class II antigens on the cytomembrane when
transfected with Class II cDNA; cotransfection with Ii
c¢DNA did not enhance this process. The role of Ii has
therefore to be reevaluated. Our results clearly dem-
onstrate that in inflamed tissue HLA-DR molecules

are occasionally expressed in the absence of Ii.
Whether the cellular HLA-DR*/Ii~ phenotype ob-
served in the visceral nervous plexus and in venous/
venular endothelium is characteristic of certain cell
types has to be further elucidated. We could also de-
tect Ii in the absence of any detectable Class Il antigen;
this was the case in arterial endothelium. Thus, this
study furnished clear evidence that the association of
Ii and Class II antigen expression is not as close as
presently assumed. It may therefore be concluded
that Ii has yet another function that is independent
from processing of Class II molecules.

A considerable number of studies have shown that
induction and/or enhancement of MHC Class I and I
antigen expression occurs in a large number of cell
types during inflammation, be it infectious, eg,3!-3
allergic, eg, idiopathic, eg,>3* or actinogenic. eg,
Thus, aberrant MHC antigen expression is by no
means indicative of etiology, but rather reflects the
degree of the local inflammatory activity.

This argument is in line with results of our studies
in mice3637 and of human cell culture studies showing
that induction/enhancement of MHC antigen ex-
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pression can be achieved by applying interferons'!-
or tumor necrosis factor.* On the other hand, prosta-
glandin E,'? and corticosteroids®*® each cause a
down-regulation, at least of Class IT antigens. Some of
these factors are secretory products of inflammatory
cells.

One of our major findings is that in CD the density
of the local cellular infiltrate closely corresponds to
the density of Class II antigens in/on autochthonous
cells of the diseased ileum. Similar observations have
been made in Hashimoto thyroiditis,>* B hepatitis,>'
and colitis with various causes.?® This association
suggests that MHC antigen expression of autochtho-
nous cells might be induced by soluble factors re-
leased by the inflammatory infiltrate.** However, this
mode of induction is probably not the initial step of
the process.

The best known function of MHC molecules is an-
tigen presentation to autologous T cells.*! These mol-
ecules act as nonspecific receptors for antigenic pro-
teins and form a complex with them.*? According to
present view, the complex is internalized, intracellu-
larly processed, retransferred to the cytomembrane,
and recognized by the antigen receptor of an antigen-
specific T cell.** Antigen-complexed Class I mole-
cules will trigger cytotoxic T cells; antigen-complexed
Class II molecules will trigger T helper cells. The
avidity between the respective T cell and the antigen-
presenting target cell may be increased by the T8 mol-
ecule binding to an uncomplexed Class I molecule
and by the T4 molecule binding to an uncomplexed
Class II molecule.' Every cell expressing MHC anti-
gens could hence act as an antigen-presenting cell*
and may thus trigger a cellular immune response.
Consequently, inductive mediators such as p-inter-
feron recruit—in the presence of antigen—antigen
presenting cells, leading to a local amplification of
target structures for antigen-specific T cells.

Bland and Warren*® showed that isolated rat enter-
ocytes of the small intestine bound ovalbumin non-
specifically via Class II molecules, which could then
stimulate antigen-(ovalbumin-)specific T cells in co-
culture. In rats, Class II antigen induction on intes-
tinal villi was proven to be the direct consequence of
luminal antigen contact. This induction was appar-
ently not mediated by T cells, because it occurred
even in athymic animals.* Ciclitira et al*’ reported
that gluten challenge of treated celiac patients en-
hanced/induced HLA-DR antigens in enterocytes
within 2 hours. This observation suggests a “primary”
Class II antigen-driven process that may also exist in
ileal CD: A luminal antigen might bind to the HLA-
DR molecules, normally expressed on the brush
border of villus enterocytes, and thereby initiate a
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change in enterocytic Class II antigen expression.
This is one possible way the immunocascade, trigger-
ing off inflammatory changes in CD, may start.

References

1. Ploegh HL, Orr HT, Strominger JL: Major histocom-
patibility antigens: The human (HLA-A,B,C) and mur-
12n9e9 (H-2K, H-2D) class I molecules. Cell 1981, 24:287-

2. Daar AS, Fuggle SV, Fabre JW, Ting A, Morris PJ: The
detailed distribution of HLA-A,B,C antigens in normal
human organs. Transplantation 1984, 38:287-292

3. Heron I, Hokland M, Berg K: Enhanced expression
of B,-microglobulin and HLA antigens on human
lymphoid cells by interferon. Proc Natl Acad Sci USA
1978, 75:6215-6219

4. Collins T, Lapierre LA, Fiers W, Strominger JL, Pober
JS: Recombinant human tumor necrosis factor in-
creases mRNA levels and surface expression of
HLA-A,B antigens in vascular endothelial cells and
dermal fibroblasts in vitro. Proc Natl Acad Sci USA
1986, 83:446-450

5. Hokland M, Larsen B, Heron I, Plesner T: Corticoste-
roids decrease the expression of 8,-microglobulin and
histocompatibility antigens on human peripheral
blood lymphocytes in vitro. Clin Exp Immunol 1981,
44:239-246

6. Kaufman JF, Auffray Ch, Korman AJ, Shackelford
DA, Strominger J: The class II molecules of the human
and murine major histocompatibility complex. Cell
1984, 36:1-13

7. Kvist S, Wiman K, Claesson L, Peterson PA, Dobber-
stein B: Membrane insertion and oligomeric assembly
gg ‘Is-llL,géDR histocompatibility antigens. Cell 1982,

8. Claesson-Welsh L, Barker PE, Larhammar D, Rask L,
Ruddle FH, Peterson PA: The gene encoding the
human class II antigen-associated y chain is located on
chromosome 5. Immunogenetics 1984, 20:89-93

9. Hansson GK, Jonasson L, Holm J, Claesson-Welsh L:
Class II MHC antigen expression in the atherosclerotic
plaque: smooth muscle cells express HLA-DR, HLA-
DQ and the invariant §amma chain. Clin Exp Im-
munol 1986, 64:261-26

10. Carr MM, McVittie E, Guy K, Gawkrodger DJ, Hunter
JAA: MHC class II antigen expression in normal
human epidermis. Immunology 1986, 59:223-227

11. Pober JS, Collins T, Gimbrone JR. MA, Cotran RS,
Gitlin JD, Fiers W, Clayberger C, Krensky AM, Bura-
koff SJ, Reiss CS: Lymphocytes recognize human vas-
cular endothelial and dermal fibroblast Ia antigens in-
duced by recombinant immune interferon. Nature
1983, 305:726-729

12. Snyder DS, Beller DI, Unanue ER: Prostaglandins
modulate macrophage Ia expression. Nature 1982,
299:163-165

13. Benacerraf B: Role of MHC gene products in immune
regulation. Science 1981, 212:1229-1238

14. Dembi¢ Z, van Boehmer H, Steinmetz M: The role of
T-cell receptor & and S genes in MHC-restricted anti-

en recognition. Immunol Today 1986, 7:308-311

15. Strober W, James SP: The immunologic basis of in-
flammatory bowel disease. J Clin Immunol 1986,
6:415-432

16. Selby WS, Janossy G, Mason DY, Jewell DP: Expres-
sion of HLA-DR antigens by colonic epithelium in in-
gg%lﬂa%)lrg bowel disease. Clin Exp Immunol 1983,



502

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

KORETZ ET AL

Barnstable CJ, Bodmer WF, Brown G, Galfre G, Mil-
stein C, Williams AF, Ziegler A: Production of mono-
clonal antibodies to group A erythrocytes, HLA and
other human cell surface antigens—new tools for ge-
netic analysis. Cell 1978, 14:9-20
Watanabe M, Suzuki T, Taniguchi M, Shinohara N:
Monoclonal anti-la murine alloantibodies crossreac-
tive with the Ia-homologues of other mammalian spe-
cieg including humans. Transplantation 1983, 36:712-
71
Royston I, Omary MB, Trowbridge IS: Monoclonal
antibodies to a human T-cell antigen and Ia-like anti-
gen in the characterization of lymphoid leukemia.
Transplant Proc 1981, 13:761-766
Ziegler A, Uchanska-Ziegler B, Zeuthen J, Wernet P:
HLA-antigen expression at the single cell level on a
K562 and B-cell hybrid: An analysis with monoclonal
antibodies using bacterial binding assays. Somat Cell
Genet 1982, 8:775-789
Quaranta V, Majdic O, Stingl G, Liszka K, Honigs-
mann H, Knapp W: A human Ia cytoplasmic determi-
nant located on multiple forms of invariant chain (y,
y2, ¥3). J Immunol 1984, 132:1900-1905
Edwards JA, Jones DB, Evans PR, Smith JL: Differen-
tial expression of HLA class II antigens on human fetal
and adult lymphocytes and macrophages. Immunol-
ogy 1985, 55:489-500

wards JA, Durant BM, Jones DB, Evans PhR, Smith
JL: Differential expression of HLA class II antigens in
fetal human spleen: Relationship of HLA-DP, DQ, and
DR to immunoglobulin expression. J Immunol 1986,
137:490-497
Aglietta M, Piacibello W, Stacchini A, Dezza L, Sana-
vio F, Malavasi F, Infelise V, Resegotti L, Gavosto F:
Expression of HLA class I (DR, DQ) determinants by
normal and chronic myeloid leukemia granulocyte/
?;%r;ocyte progenitors. Cancer Res 1986, 46:1783-

Ghosh AK, Moore M, Street AJ, Howat JMT, Scho-
field PF: Expression of HLA-D sub-region products on
human colorectal carcinoma. Int J Cancer 1986,
38:459-464

Claesson L, Peterson PA: Association of human y chain
with class II transplantation antigens during intracellu-
lar transport. Biochem 1983, 22:3206-3213

Marks MS, Cresswell P: Invariant chain associates with
HLA class Il antigens via its extracytoplasmic region. J
Immunol 1986, 136:2519-2525

Claesson-Welsh L, Peterson PA: Implications of the
invariant y-chain on the intracellular transport of class
II histocompatibility antigens. J Immunol 1985,
135:3551-3557

Miller J, Germain RN: Efficient cell surface expression
of class I MHC molecules in the absence of associated
invariant chain. J Exp Med 1986, 164:1478-1489
Sekaly RP, Tonnelle C, Strubin M, Mach B, Long EO:
Cell surface expression of class II histocompatibility
antigens occurs in the absence of the invariant chain. J
Exp Med 1986, 164:1490-1504

Fukusato T, Gerber MA, Thung SN, Ferrone S,
Schaffner F: Expression of HLA class I antigens on
hepatocytes in liver disease. Am J Pathol 1986,
123:264-270

Geboes K,Rutgeerts P, Stessens L, Vantrappen G, Des-
met V: Expression of MHC class II antigens by oeso-
phageal epithelium in herpes simplex oesophagitis.
Histopathology 1985, 9:711-718

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44,

45.

46.

47.

AJP e December 1987

Aubock J, Romani N, Grubauer G, Fritsch P: HLA-
DR expression on keratinocytes isa common feature of
diseased skin. Br J Dermatol 1986, 114:465-472
Most J, Knapp W, Wick G: Class II antigens in Hashi-
moto thyroiditis: 1. Synthesis and expression of HLA-
DR and HLA-DQ by thyroid epithelial cells. Clin Im-
munol Immunopathol 1986, 41:165-174

McDonald GB, Jewell DP: Class Il (HLA-DR) expres-
sion by intestinal epithelial cells in inflammatory dis-
eases of colon. J Clin Pathol 1987, 40:312-317
Momburg F, Koch N, Moller P, Moldenhauer G,
Butcher GW, Himmerling GJ: Differential expression
of Ia and Ia-associated invariant chain in mouse tissues
after in vivo treatment with IFN-y. J Immunol 1986a,
136:940-948

Momburg F, Koch N, Moller P, Moldenhauer P, Him-
merling GJ. In vivo induction of H-2K/D antigens by
recombinant interferon-y. Eur J Immunol 1986b,
16:551-557

Todd I, Pujol-Borrell R, Hammond LJ, Bottazzo GF,
Feldmann M: Interferon-y induces HLA-DR expres-
sion by thyroid epithelium. Clin Exp Immunol 1985,
61:265-273

Leszczynski D, Ferry B, Schellekens H, v.d. Meide PH,
Hiayry P: Antagonistic effects of y interferon and ste-
roids on tissue antigenicity. J Exp Med 1986,
164:1470-1477

Czernielewski JM, Bagot M: Class Il MHC antigen ex-
pression by human keratinocytes results from lympho-
epidermal interactions and y-interferon production.
Clin Exp Immunol 1986, 66:295-302

Malissen B: Transfer and expression of MHC genes.
Immunol Today 1986, 7:106-112

Guillet J-G, Lai M-Z, Briner TJ, Smith JA, Gefter ML:
Interaction of peptide antigens and class II major histo-
compatibility complex antigens. Nature 1986,
324:260-262

Babbitt BP, Allen PM, Matsueda G, Haber E, Unanue
ER: Binding of immunogenic peptides to Ia histocom-
patibility molecules. Nature 1985, 317:359-361
Unanue ER, Beller DI, Lu ChY, Allen PM: Antigen
Presentation: comments on its regulation and mecha-
nism. J Immunol 1984, 132:1-5

Bland PW, Warren LG: Antigen presentation by epi-
thelial cells of the rat small intestine: 1. Kinetics, anti-
gen specificity and blocking by anti-Ia antisera. Immu-
nology 1986, 58:1-7

Mayrhofer G, Pugh CW, Barclay AN: The distribution,
ontogeny and origin in the rat of Ia-positive cells with
dendritic morphology and of Ia antigen in epithelia,
with special reference to the intestine. Eur J Immunol
1983, 13:112-122

Ciclitira PJ, Nelufer JM, Ellis HJ, Evans DJ: The effect
of gluten on HLA-DR in the small intestinal epithe-
lium of patients with coeliac disease. Clin Exp Im-
munol 1986, 63:101-104

Acknowledgments

We are grateful to Ingeborg Brandt and John Moyers for
excellent technical assistance and to Karin Tinter and
Christine Raulfs for help in editing the manuscript.



